published by his namesake in 1892.) His maiden work was a measurement of the susceptibility of ferric and ferrous salts in aqueous solutions. By means of a sensitive induction balance, the increase of the mutual inductance due to the solution was compensated by a known small inductance. This work engaged Townsend for only a very short time.
His next problem, however, aroused his interest in a field which occupied him during the greater part of his life. Townsend studied the electric proper ties of gases which are released by the electrolysis of liquids. It was known before that such gases carry electric charges and that when these are passed through a moist gas, clouds are readily formed. From his extensive experi ments Townsend deduced that condensation of atmospheric clouds is likely to be due to electrified gases. He observed for example that the density of the cloud in his vessel increased with the density of the electric charge and he noted particularly that negatively charged oxygen formed larger droplets than the positively charged gas, an observation which he explained by Thomson's theory. In other experiments he proved that the formation of clouds with oxygen containing ozone is not the result of the action of electric charges. This and the following work made Townsend familiar with electro chemistry and the chemistry of gases.
Townsend's outstanding contribution in Cambridge was the first direct determination of the elementary ionic charge. It revealed his unique ability in experimental technique coupled with elegance and simplicity of method. In this work he used three instruments: a laboratory balance, an electro meter and a photographic camera. The principle of the method was as follows: By means of electrolysis a gas is produced which carries electric charges of one sign. It is passed through water of known temperature until it becomes saturated so that the mass of vapour admixed to the gas is given. The cloud formed is then driven through a series of tubes containing a drying substance and by weighing the tubes the mass of water in the cloud is found. Also, the rate of fall of the cloud in a vessel is recorded photographically and by applying Stokes's law the average mass of a single droplet is obtained. Finally, the total charge of the cloud is measured by driving it to a collector connected with an electrometer. From these observations Townsend found the ionic charge of a droplet to be about 3 X 10"10 e.s.u. Moreover, the value was very nearly the same for different gases. This remarkable method was afterwards modified by J. J. Thomson and Harold Wilson and led to Millikan's precision method with charged droplets of oil.
Later Townsend turned his attention to diffusion problems associated with electrified gases which he treated both experimentally and theoretically. In order to test the results of his theory he developed a new method to measure the diffusion of ions in gases: A stream of gas passes a chamber in which it is ionized by X-rays or otherwise. The gas flow carries the ions of both signs through several parallel thin metal tubes so that recombination and self-repulsion are negligible and only diffusion to the walls of the tubes can occur. The charge of the ions which escape from the ends of the tubes is measured with tubes of different length with a collector which repels ions of one sign. The results were striking: the coefficient of diffusion of ions in their own gas was about one-quarter of that of neutral molecules; negative ions diffused slightly faster than positive ones. This meant that the mean free path of ions in gases is considerably shorter than that of molecules.
Another interesting contribution deals with secondary X-rays. By means of a simple ionization chamber Townsend measured the intensity of secondary radiation which is emitted from various substances when irradiated by ordi nary X-rays. He found that aluminium and glass were poor, copper and zinc strong secondary emitters, that soft X-rays were easily absorbed by air and that the ionization in the gas is exactly proportional to the pressure if the addi tional effect of secondary rays on the electrodes of the chamber is allowed for. At that time the physics school was under the direction of R. B. Clifton, a London cum Cambridge man, 64 years old, who had been appointed to the Chair of Experimental Philosophy in 1865. Clifton was in charge of the old Clarendon Laboratory, where C. V. Boys has made his measurements of the gravitational constant. It was obvious that with the creation of a second chair of physics the responsibilities for teaching and research had to be redistributed between the two Professors. Thus a change of statute was made, the relevant part of which reads: 'The subject on which the Professor of Experimental Philosophy shall chiefly lecture and give instruction shall be the mechanics of solid and fluid bodies, sound, light, and heat. The sub ject on which the Wykeham Professor of Physics shall chiefly lecture and give instruction shall be electricity and magnetism.' The statutes also men tion that the University may assign to the Wykeham Professor the duty of taking charge of a laboratory.
T ownsend in O xford
However, when Townsend took up his appointment he was only provided with a few rooms at the Observatory, then in the charge of H. H. Turner who was most helpful to his young colleague. Townsend obtained from the University £700 'to fitting up the laboratory and £250 per year for the first two years for assistance and maintainance'. His own emoluments were about £500 provided by New College of which £100 were stated to be 'a further annual payment so long as the College has funds available for the purpose. ' Townsend's duties during the first years were regulated by decree. He was to lecture during two out of three terms, to reside at Oxford for at least four months during each academic year and give a minimum of two lectures a week between 1 September and 1 July extending over at least six weeks, and altogether lecture at least during 14 weeks during each academic year. Townsend's first announcement in the University Gazette read: 'The Professor will lecture on electricity and magnetism on Tuesdays and Thurs days from 10 to 11.' He delivered his inaugural lecture on 25 April 1901 at the old Clarendon Laboratory. Its title was 'Recent developments in electro optics'. I have not been able to find a record of it anywhere.
For many years Townsend had to carry out his research in rooms lent to him by two of his colleagues, the Professor of Astronomy and the Professor of Physiology. He hoped that a new laboratory for teaching and research would be built for him, but though he received support from many quarters his plan did not meet with success. In 1902 he was offered rooms in the University Museum then occupied by the Radcliffe Library which he thought were not sufficiently large to accommodate a well-organized laboratory.
There was still much to be done on the teaching side. This is shown by a circular letter addressed by the Vice-Chancellor to all the heads of depart ments about the needs of the University and is dated February 1902 . In it it is stated that 'previous to the foundation by New College of the Wykeham Pro fessorship of Physics in 1900 an important part of physics-electricity and magnetism-was practically omitted from the subjects taught or studied in this University'. Townsend recognized that the teaching of undergraduates in their first year must include all parts of physics. In 1903 he took over the teaching of the preliminary course for which the University-according to Clifton's report-provided spacious rooms. This remark referred to the erection of a large tin hut (on the site now occupied by the extension of the Department of Zoology) which was given the proud name Electrical Labora tory. By that time the University had provided means for a demonstrator and other assistants. Later Townsend set up a workshop of his own and engaged G. A. Bennett as a mechanic. As time went on Bennett acted also as Townsend's glassblower, secretary, administrator and accountant.
Townsend's ceaseless efforts to obtain adequate laboratory facilities were finally crowned with success. The University Gazette records that on 20 October 1908 a decree was proposed in Convocation which stated that the Court of Assistants of the Drapers' Company of London had decided to authorize their Estate Committee to employ T. J. Jackson, R.A., as architect for the erection of a new laboratory at a cost not exceeding £22 000 for buil ding and accessories and £1000 for furniture and equipment. The laboratory was to be a gift to the University but the University had to provide a site, the maintenance of the laboratory and the salaries for teachers and demonstra tors. In November 1908 the building operations started and on 21 June 1910 the new Electrical Laboratory was presented by the Master of the Worshipful Company of Drapers to the Chancellor of the University. It was a two-storey building with stone walls up to 3 feet thick, lavishly provided with stone pillars for setting up sensitive instruments. In order to facilitate magnetic research the use of steel was avoided as far as possible. The lecture theatre could hold up to 100 people. In this laboratory Townsend worked until his retirement in 1941. He built up a flourishing school, with not more than about six research workers at a time, who gathered around him from all over the world.
(b) Research activity
Townsend's first work in Oxford constitutes the nucleus of one of his most important contributions. It was concerned with the multiplication of charges in a gas subjected to an electric field. In those early days the concept of ionization of gases was not developed to any appreciable degree. For example, it was thought that in order to ionize air an ionization energy of about 175 eV was required. Townsend derived from his own work and previous work by Stoletow that very much lower energies are sufficient to stimulate this process. In a paper which he presented to the International Electrical Congress of St Louis he states that 'it can be shown that molecules of a gas can be ionized by the impacts of ions that have acquired their velocity under electromotive forces of 10 to 20 volts'.
He was also well aware of the nature of the charged carriers which are mainly responsible for ionizing neutral atoms. This point is of some impor tance. Critics of his work assert that Townsend thought that the ionization of a gas is caused by negative ions and not by electrons-a term which he introduced in his writings at a later date. From a study of his original papers it transpires that in 1900 he described the negative ions as particles which carry an elementary charge and possess a mass which is small compared with that of the parent molecule. In 1901 he proved that 'negative ions thus pro duced (by collision) in a gas are identical with the negative ions set free from the electrode by the action of the ultra-violet light'.
Incidentally, these early papers reveal that Townsend was convinced at that time that the prime movers in the ionization of gases in electric fields are the negative ions only and that the positive ions which are simultaneously produced do not play any role in it whatsoever. In contrast, some of his col leagues in other universities firmly believed in the preponderant function of positive ions as agents of ionization. It will be shown below that Townsend acquired in later years a view which was nearly diametrically opposite to his original one which suggests that his outlook-as far as physics is concernedwas not so conservative after all.
Returning to the problem of multiplication of charges, Townsend demon strated in a series of convincing experiments that electrons which are released from the negative plate of a plane condenser by X-rays or ultra-violet light and moved by an electric field through a gas multiply in the gas. Their number increases exponentially with the electrode separation if the field is kept constant and the separation not too large. Moreover, he showed that the proper parameter is not the field but the field reduced to unit gas pressure, a magnitude proportional to the energy which an electron acquires when it travels one mean free path in the field direction. Townsend then determined the coefficient of multiplication (later called Townsend's first ionization coefficient) which gives the number of ion pairs produced by one electron which moves 1 cm in the direction of the electric field. He found that this coefficient when reduced to unit gas pressure is a function of the 'reduced' field for each gas and proved in this way that the rule of similarity holds.
The dependence of the ionization coefficienfion the field was described by Townsend in form of a semi-empirical relation. Again, it is interesting to find that he was well aware of the restricted range in which this relation was valid: from experiments with different gases he concluded that his relation not only fails at very low and very high values of the reduced field, but also fails com pletely for certain gases. Townsend showed that one of the constants in his semi-empirical equation was proportional to the ionization potential and he hoped originally to develop in this way a method of measuring the ionization potentials of various gases, a hope which was never fulfilled.
Previous to Townsend s work it was thought that when a gas was exposed to constant irradiation the current flowing through the gas cannot exceed a certain value whatever the magnitude of the applied potential. It came as a great surprise to scientists and engineers when Townsend claimed that he was able to produce new ions in a gas at low pressure with an electric field which was feeble compared to that necessary to initiate sparks. His experimental results which are regarded nowadays as perfectly plain and unambiguous were then strongly criticized; his theory was attacked by many physicists of repute for reasons which today are more difficult to understand than Townsend's physical ideas.
In the following years Townsend and his pupils set out to investigate the conductivity of feebly ionized gases, the motion of negative ions (electrons) and the function of positive ions, which he thought were essential in releasing secondary electrons from the cathode on which they fell. He defined a second ionization coefficient which gives the number of secondary electrons for each positive ion which hits the cathode. In other words, Townsend was looking for the cause of the fast rise of the multiplication which occurs when the electrode separation is near to the critical one at which breakdown occurs. By allowing for secondary electrons, that is by including a second ionization coefficient in his theory, he obtained an expression for the multiplication which approaches infinity for certain values of the field and electrode separation. This critical condition he took to describe the electric breakdown of the gas.
Combining this condition with his semi-empirical relation mentioned earlier, Townsend derived a relation between the sparking potential of a gas and the product of gas density and electrode separation, this product repre senting the number of molecules in the gas. His theoretical result was in excellent agreement with Paschen's experiments, which had shown that the sparking potential rises when the product of gas pressure and separation becomes either very large or very small having a minimum of about a few hundred volts. For voltages below this minimum value no breakdown can occur. Townsend explained this behaviour in simple physical terms: at lower pressures or small separations, that is with decreasing number of molecules in the gap, the ionization diminishes and in order to obtain multiplication to infinity the potential has to be increased. At high gas pressure on the other hand, or at large electrode separations, an increase in pressure increases the collision rate between electrons and molecules, thereby reducing the mean energy of the electrons; thus fewer fast electrons are available, the rate of ionization decreases and breakdown can only be obtained by a corresponding increase in potential.
A problem which puzzled physicists for a long time was an observation made by Stoletow. When two plane parallel electrodes are connected with a source of constant potential and a photo-electric current is emitted from the cathode it is found that as the gas pressure is increased the current first in creases and then passes a maximum. Townsend applied his theory to this case and was able to explain it using arguments of the type given above.
Many of Townsend's early ideas are being taught today and thus are widely known. However, probably few know that Townsend was at one time very interested in the electro-chemistry of gases. Kirkby's studies under Townsend can probably be regarded as the beginning of quantitative investigations into the chemical changes which occur in an ionized gas. It can only be surmised that these researches came to a sudden end when Kirkby resigned from his demonstratorship on becoming the incumbent of Saham Rectory, Watton, Norfolk.
Next Townsend turned to a study of the motion of charges in gases. Here he introduced a series of revolutionary ideas. First of all he showed theoreti cally as well as by measurements of the lateral diffusion of electrons in gases which move in a uniform electric field, that the electron swarms behave like light foreign gas atoms which are admixed to the parent gas; but the energies of the electrons are distributed about the mean energy which in certain cases can be more than a hundred times that of the mean energy of the molecules of the parent gas. This idea appeared to his contemporaries rather obscure because at that time it was not realized that, in spite of the numerous colli sions, a 'hot electron gas' can be maintained owing to the large mass difference between electrons and molecules.
Having thus demonstrated that electrons in their swarm possess very large random velocities, Townsend devised a new method of measuring the drift velocity of electrons (that is their average speed in the field direction) by observing the deflexion of the swarm when a magnetic field was applied in a direction perpendicular to the electric field. He found that the drift velocity was several orders of magnitude smaller than the random velocity of the electrons. Furthermore, he was able to derive from these experiments the fraction of energy which an electron loses, on an average, in a single collision. In a monatomic gas this fraction was found to be equal to a value which follows from kinetic theory of gases provided the field is not too strong; but as the (reduced) field is increased this fraction rises, indicating that inelastic collisions between electrons and gas molecules set in. From these experiments he even derived a quite good value for , showing again that free electrons were the carriers of charge.
In another series of papers Townsend extended the diffusion theory to include the motion of ions in gases. One of the most remarkable results which originate from a theoretical treatment and which he tested extensively by experiment was the relation between ion diffusion and ion mobility. In short, he found that the ratio of the coefficient of diffusion and the mobility was inversely proportional to the gas temperature provided the ions moved in moderate electric fields.
This result has an important application. It is well known that measure ments of the diffusion coefficient of ions in gases are inherently difficult because of a great many uncontrollable factors which influence the motion of charges. The above result, however, enables us to derive the coefficient of diffusion from measurements of the mobility of ions which can be carried out with a much greater accuracy.
Another result which follows from these investigations is the connexion between the charge of a gaseous ion and that of a monovalent ion in a liquid electrolyte. Townsend showed theoretically and experimentally that the ratio of mobility to diffusion in a gas is equal to the ratio of the charge per unit volume to the gas pressure. This is equivalent to saying that the Faraday constant-the electric charge per mole-is equal to the Avogadro number times the charge of an ion. In this way he proved that the charge of a gaseous ion and that of a monovalent ion of an electrolyte are the same.
Townsend also studied properties of the corona discharge which develops between a wire and a coaxial cylinder and he investigated discharges from points. He developed a theory for the cylindrical case and obtained a relation between the current per unit axial length as a function of the applied voltage, the mobility of the ions and the geometry, which describes the observations in many respects.
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Biographical Memoirs ( c) Activities during the first world war Little information is available about Townsend's movements during the first world war though it is known that he rendered most distinguished ser vices to wireless telegraphy in the Navy. It has been reported that in 1914 he volunteered for a wireless unit which was to be sent to Russia to assist the Russian Army in training their cadets.
Townsend's mission was regarded by his colleagues in the Electrical Laboratory as a dangerous enterprise. One of them is said to have called at his home shortly before Townsend's departure, found him absent and left a message asking that the Professor should not forget to write a note to the University authorities recommending the caller as his successor to the Wykeham Chair if the Professor lost his life on the journey.
All that is known about this mission to Russia is that the plan fell through. However, Townsend took up wireless research for the Royal Naval Air Service with the rank of a Major on the special list (R.N.V.R.). He worked for several years at Woolwich where he developed, for example, small robustly constructed and accurately calibrated wavemeters. While he was in the Services, researches at his laboratory in Oxford were discontinued. The Electrical Laboratory together with other Museum buildings was taken over by the Royal Flying Corps for the training of cadets. However, he visited Oxford during the war on many occasions, as can be seen from the existing correspondence he had with the University authorities. His first book, Electricity in g a s e s , which he wrote before the war, appeared in 1915. It is sometimes said that the first world war had an adverse effect in later years on Townsend's scientific productivity and pre-eminence. In Lord Cherwell's appreciation of Townsend it is stated that the immense labour of building his new laboratory and the first world war proved a grievous inter ruption of Townsend's meteoric career. This seems to suggest that after 1918 his days of great discoveries were over. This conclusion would be fallacious for it was after the first world war that Townsend discovered a new physical effect which later on became of the greatest importance in the understanding of the wave-like nature of the electron. The fact that about the same time a German physicist discovered and analyzed this effect by more elegant means and with greater precision does not diminish Townsend's achievement. This has been acknowledged by modern writers in this field by calling it the RamsauerTownsend effect-a term Townsend would probably have resented.
T ownsend's researches between 1919 and 1941
During the first world war, high-vacuum valves were applied for the first time as detectors, amplifiers and oscillators for wireless communication and other special purposes. Townsend used these valves extensively and carefully studied their properties. This can be seen from one of the first papers he published after the war, in which he dealt with the problem of frequency jumping or 'ziehen'. This troublesome effect was found very early with triode-valve oscillators of the self-excited type. When the valve circuit is strongly coupled with the resonance circuit the current near the resonance point changes discontinuously when the inductance is varied continuously; the sudden change is accompanied by a change in wavelength and the jum p ing has a hysteresis. This problem Townsend solved by a relatively simple mathematical analysis.
Subsequently he devised a novel method of measuring a wavelength up to about two orders of magnitudes larger than that of a standard short-wave generator which consisted of a Lecher wire system and a triode valve. The principle applied was to observe the beats with a telephone when the short wave system interacted with the harmonics of the long-wave circuit.
In spite of his interest in high-frequency work, which has an important bearing on his later researches, Townsend took up again investigations on electrical phenomena in gases. From his published work it appears that even at that time his fundamental ideas about ionization of gases by electrons had not been accepted by his fellow scientists. In one of his papers on the collision theory he calculates the average energy to produce an ion pair in air when an electron moves through a gas in a moderate electric field and finds values around 25 V. He concluded that this value should not be confused with any critical potential, which should be smaller. He added that the 'principal error in the calculation is probably due to taking Maxwell's law as giving the distri bution of velocities of electrons acted on by an electric force'. He also recog nized clearly that a relatively small number of collisions of electrons lead to ionization.
When studying the motion of electrons in argon (which he freed from the major impurities) Townsend found that the mean free path of electrons in argon for mean electron energies below 1 eV was more than 50 times their value in hydrogen. He carried out observations in argon + hydrogen mix tures from which he calculated the dependence of the mean free path of electrons in argon on the mean electron energy and he obtained a curve which showed the well-known maximum. The unusually large transparency of argon for electrons of low energy is stressed in Townsend's paper; he remarks that the mean free path obtained from measurements with electron swarms is only a value averaged over the electron energies and that the actual mean free path for electrons of a given low energy must be much greater than the value measured by him. However, Townsend never pursued this research with mono-energetic electrons.
Townsend was well aware of the fact that only a knowledge of the actual distribution of electron energies would give him the answer to the question about the ionization rate by an electron swarm. It is for this reason that he returned to this problem again and again. In 1930, for example, he derived from his distribution law the number of electrons exceeding a certain energy and I find it significant that the figures he quotes lie between the Maxwellian and the Druyvesteyn distribution. In a later paper he points out that the variation of the mean free path of the electrons with energy has a considerable effect on the distribution of energies and he shows how in certain cases it can be allowed for.
The number of fast electrons in a distribution can be derived independently from optical or chemical effects associated with the motion of electrons. Townsend and his pupils started, therefore, to investigate the visible spectra emitted from electrically excited monatomic gases. He observed the light emitted from the positive column of discharges by means of selenium cells and colour filters, and measured the various parameters when the same light intensity was obtained through a certain filter. Assuming his distribution law 266 Biographical Memoirs he concluded that in helium there are too few fast electrons to account for the light and hence his findings were not consistent with Bohr's model of the helium atom. He was well acquainted with modern ideas of collision pro cesses and he discussed in the same paper the possible effects of two-stage processes and collisions of the second kind. Further work on helium at medium pressures showed that a positive column which was excited by an electrodeless discharge emitted band-spectra characteristic of molecular helium. In the discussion of the results he also considered whether the light could be produced by slow electrons hitting metastable atoms-which shows that Townsend did not exclude the possible existence of metastable states.
The influence of a magnetic field on the motion of charges in ionized gases presented another intricate problem which Townsend and his collaborators treated with considerable success. Under certain conditions of experiment a magnetic field is in many respects equivalent to an increase in gas pressure. Townsend developed the theory of diffusion of electron swarms in a magnetic field in the absence of space charges in which he describes analytically their angular motion about a given axis, a theory which culminates in the wellknown result that the diffusion coefficient for the lateral motion of electrons decreases as the magnetic field is increased. Experimental work has confirmed the correctness of these ideas.
During his last years in office Townsend was much occupied with two further problems. One was the mechanism of the starting of electrodeless discharges in high-frequency electric fields, including the effect of a steady magnetic field perpendicular to the electric one. He developed a theory from which the variation of the starting field with the gas pressure and the frequency could be deduced and he made some experiments in support of it.
The other problem was that of the role of positive ions in feebly ionized gases. Townsend thought originally that positive ions do not take part directly or indirectly in the ionization process. When he studied multiplication pro cesses in greater detail he concluded that positive ions may either release secondary electrons from the cathode or ionize gas molecules by collisions. Townsend always hoped to be able to devise a crucial experiment by means of which he would be able to discriminate between these two (and perhaps other) secondary effects. He and his pupils carried out a series of ingenious experiments but the numerical results obtained were not entirely convincing. However, it must be said in all fairness that this last problem has still not found a completely satisfactory answer.
T ownsend's work during the years of retirement
In 1941 Townsend retired from the Wykeham Chair. Feeling still young and vigorous at 73, he went to Winchester where he taught for a short time. Later he returned to Oxford to write a monograph on Electrons in gases. In this book he summarizes the work which he and his pupils have carried out since he wrote the book Electricity in gases which was published in 1915. In it he discusses the various objections which have been made against his theory of ionization by collision. In the final chapter he comes to the conclusion that experimental evidence on discharges from positive wires can only be inter preted in the way that positive ions contribute to gas ionization by direct collisions with molecules.
Two years afterwards Townsend wrote another smaller book, on radio communication, in which he explains by elementary mathematics the pro perties of electro-magnetic waves at large distances from their sources, dis pensing with complex variables and avoiding Gauss's theorem and refined calculus.
One of Townsend's hobby-horses was always to pick holes in Maxwell's electro-magnetic theory and it was the most vulnerable part which he attacked, namely the assumption of a displacement current. In his last book, Electromagnetic w a v e s , Townsend said that he found it difficult to explain electrostatic forces which are produced by an oscillating charge on a sphere and he developed for this reason another propagation mechanism, which he hoped would be carefully considered and perhaps precipitate a vigorous controversy. The gist of his new theory was that electro-magnetic waves are propagated by a kind of ether which resembles a gaseous medium consisting of uncharged particles of mass smaller than that of electrons which have random velocities greater than the velocity of fight. This ether, which is assumed to penetrate the space between the atoms, is the active component in the transfer of momentum from the electrons in the metal into the outer space.
During his last years he was writing a book on sound which was entirely based on the classical kinetic theory of gases in which he wanted to follow up certain ideas which he had indicated in various chapters in Electromagnetic waves.
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T ownsend as a human being
When Townsend arrived in Oxford in 1900 he was given rooms at New College where he lived for many years. In 1911 he married Mary Georgiana, daughter of P. F. Lambert, of Castle Ellen, County Galway, and they lived in a house within the precincts of New College. After the first world war he moved with his wife and his two sons to a house in Banbury Road, less than 10 minutes' walk from his laboratory. On his way he passed every day the Engineering Laboratory which was founded with his help, although at one time his plan met with considerable opposition from University circles.
He was very fond of walking through the University Parks, where he was once confronted with a most unexpected problem. There on the grass he met a man who had just broken his wooden leg by stepping into a hole normally reserved for a goal post. Townsend hurried back to his laboratory, persuaded his mechanic to fashion immediately a new leg and presented it to the unfortunate man who said that it was the best leg he ever had.
In his early Oxford days Townsend was a great huntsman and he was often seen riding on his horse to the laboratory. He was good at tennis, a game which he played until he was well over 70 years of age. He was known to enjoy arguments. It is said that when he and another professor examined a pupil for an advanced degree he took strong exception to the form of a ques tion put by the external examiner to the candidate. The rest of the viva consisted of an argument between the two examiners.
He was a charming conversationalist and his stories about people he had met and other anecdotes of an amusing nature were always well received in common-rooms and at private parties. He disliked publicity, held very firm political views, spoke rarely in Congregation and took little notice of formali ties associated with University affairs. He was generous to his staff and most helpful to his research workers. He was an untiring worker who ruled his kingdom strictly and often expected those with him to work long hours. He was an excellent draughtsman with a thorough knowledge of mechanical constructions and materials, and his experimental skill was very remarkable.
In one of his last lectures in 1940 to honours students he showed with greatest ease experiments on refraction, reflexion and diffraction with a 10 cm magnetron valve oscillator and I recollect the great satisfaction it gave him to demonstrate these fundamental properties of electromagnetic waves with modern means.
I also remember the first time I met Townsend in his laboratory. He hardly touched upon the correspondence between us 10 years previously but plunged straight into an account of arguments he had had, particularly with some of his German colleagues and the difficulties he encountered in convincing physicists of the correctness of his new ideas. When war broke out he stopped research in his laboratory and concentrated on teaching cadets. One day he asked me whether I wished to continue experimental research and when I answered in the affirmative he said: 'Take all my apparatus and bottles with rare gases and use them for your work. I shall not need them any longer.' This was typical of a man whom I admired for his directness, clarity of mind and informality.
Townsend had a striking personality and induced his pupils to work and think along lines which he alone decided. Most of his papers under joint authorship were written by him as can be seen from the characteristic style. The papers were not always easily readable and this may be one of the reasons why his new ideas did not often find a fertile ground in the minds even of progressive students of this subject. In general discussion Townsend and his pupils tended to be so absorbed by their own researches that they were rather impatient in explaining unfamiliar concepts to other workers. For many years they held fort on their isolated island, some of them occa sionally carrying the flag into a far land. Some of them have imbibed their master's spirit, surely a sign of his commanding character.
Only on very few occasions was Townsend seen to attend scientific meet ings. In 1924 he went to the U.S.A. to attend the centenary celebrations of the Franklin Institute at Philadelphia where he gave an address on the motion of electrons in gases. When the first international conference on ionization phenomena was held in Oxford in 1953, most of the foreign delegates met for the first time the man to whom they owed so much and who had opened up a field of study which had grown in size and importance beyond the limits he ever expected.
Townsend received many honours; in 1903 he was elected a Fellow of the Royal Society, he was made a Chevalier de la Legion d'Honneur, a member of the Institute of France, a member of the Franklin Institute and received an Honorary D.Sc. of Paris. He was knighted in 1941.
Townsend died at Oxford on 16 February 1957 at the age of 88, being survived by his wife and his two sons. Until his last day he was the dis tinguished scientist, still active in his work. He enjoyed a happy family life. He was proud of his wife who was a stimulating companion, a delightful hostess and an active worker in social and municipal affairs of the City of Oxford of which she is an alderman. 
